
 LEARNING OUTCOMES

  On completion of this element, you should 
be able to demonstrate understanding 
of the content through the application 
of knowledge to familiar and unfamiliar 
situations. In particular, you should  
be able to:

  Explain the principles of the combustion process in 
relation to fire safety.

  Explain the principles and conditions for the ignition 
of solids, liquids and gases.

		Identify the classification of fires.

   Describe the principles of fire growth and fire spread.

		Outline the principles of explosion and explosive 
combustion.
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KEY INFORMATION

The combustion process:

• Can be illustrated by the fire triangle, which requires fuel, heat and oxygen to initiate and sustain a fire.

• Is a chemical reaction whereby volatile molecules of fuel react with oxygen, either completely or partially, to 
generate combustion products.

• Generates heat and is termed ‘exothermic’.

• Progresses through the stages of induction, ignition, fire growth, steady state, and decay.

FIRE TRIANGLE
To initiate and sustain a fire, three things need to be 
present at the same time:

• Fuel - such as wood, paper, plastic, petrol.

• Oxygen - usually from the air, but also from gas 
cylinders or oxidising agents.

• Heat - from ignition sources such as open flames, 
friction, chemical reactions, sparks from electrical 
equipment.

The fire triangle

If we remove one element from the triangle, fire will not 
be initiated or sustained:

• If fuel is not available or removed, the fire will not start 
or an existing fire will go out.

• If oxygen is absent or removed, the combustion 
process will not proceed.

• If heat from ignition sources is not available, the fire 
will not start and if heat is removed by cooling the fire 
will be extinguished.

CHEMISTRY OF COMBUSTION

GLOSSARY
COMBUSTION
A type of chemical reaction - a rapid, self-sustaining 
gas-phase oxidation process which produces heat 
and light.

When combustion takes place in solids or liquids, it is the 
vapours given off which ignite, rather than the solid or 
liquid itself.

Put simply, volatile (vaporised) molecules of the fuel 
are combined with oxygen to produce new compounds 
(combustion products).  

For the combustion process to proceed and be maintained:

• Energy (heat) is required to vaporise sufficient fuel 
molecules and to initiate the reaction.

• Once initiated, the heat produced by the reaction itself 
will sustain further vaporisation and combustion of fuel 
without an external heat source. 

• To maintain the combustion process, a continued 
supply of fuel and oxygen is required to replace that 
consumed by the reaction.
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Combustion Products in Relation to Combustion 
Reaction Conditions
In complete combustion - fuel reacts with oxygen and 
both are completely consumed in the reaction to form 
new products:

• Methane burns in air: 
CH

4
 + 2O

2
 → CO

2
 + 2H

2
O

to produce carbon dioxide and water only.

• Hydrogen burns in air:
2H

2
 + O

2
 → 2H

2
O(g)

to produce water vapour only.

In incomplete combustion - fuel reacts with limited 
oxygen so the combustion of the fuel is not complete:

• Methane burns in limited air:
4CH

4
 + 6O

2
 → CO

2
 + 2CO + C + 8H

2
O

to produce carbon dioxide and water, but also carbon 
monoxide and pure carbon (soot or ash) due to 
the reduced oxygen supply and the inability for full 
oxidation to carbon dioxide and water.

The combustion process

Exothermic Reaction
The combustion process generates heat as it progresses 
so this type of chemical reaction is called exo (give out) 
thermic (heat). However, it is also possible for chemical 
reactions to require an input of heat to progress and these 
are called endo (take in) thermic (heat) reactions. 

TOPIC FOCUS

Chemical reactions can be either exothermic or 
endothermic: 

• Exothermic reactions:

 – Release energy in the form of heat, light or 
sound.

 – Cause an increase in temperature.

 – Can occur spontaneously.

 – May produce heat quickly and can cause 
explosions.

• Endothermic reactions:

 – Absorb energy from the surroundings to 
proceed.

 – Cause a drop in temperature.

 – Cannot occur spontaneously.

Oxidising Agents/Materials 
Combustion requires the presence of oxygen, so the higher 
the concentration of oxygen in an atmosphere, the more 
rapidly burning will proceed.

Whilst the most common source of oxygen is obviously 
the air, in some workplaces there may also be additional 
sources which can provide a fire with oxygen and so help it 
burn. These include:

• Oxygen cylinders. 

• Oxidising agents, e.g. chlorates, chromates, 
hypochlorites, nitrates, nitric acid, peroxides and 
peroxyacids.
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STAGES OF COMBUSTION
You can see the combustion process illustrated in the 
following figure:

The stages of combustion

• Induction - heat produces sufficient vapour which can 
mix with air above the fuel and generate a flammable 
mixture.

• Ignition - initiates the reaction and if it becomes self-
sustaining (and no longer requires an external heat 
source), combustion develops very quickly and there is 
a dramatic increase in temperature.

• Fire Growth - the fire may spread through:
 – Direct burning.

 – Typical mechanisms of heat transmission 
(convection, conduction or radiation).

The rate, scale and pattern of growth depend on a 
number of factors such as:

 – Nature, form and amount of fuel.

 – Availability of oxygen (open, ventilated versus 
sealed containment).

 – Amount of heat produced by the reaction.

• Steady State - the temperature stabilises and the 
combustion process reaches a steady state (the 
reaction between the fuel and oxygen is balanced until 
all the fuel is consumed).

• Decay - begins when either the fuel or oxygen has 
been consumed; the fire will then extinguish and 
gradually cool down.

TOPIC FOCUS

The three basic stages of the combustion process 
are:

• Induction

 – Early stages, evidence of combustion starting.

 – May be slow process, smouldering.

• Fire Growth

 – Rapid development of fire as burning 
materials act as ignition.

 – Level of burning and growth depend on 
levels of oxygen and fuel present.

 – Large volumes of smoke and heat generated 
and possibly spontaneous combustion.

 – Growth rate and temperature will eventually 
reach a plateau.

• Decay

 – Room starved of oxygen and fuel.

 – Heat output decreases and fire dies down.

REVISION QUESTIONS

1. Explain, with the use of a sketch or diagram, the 
fire triangle.

2. Outline the conditions required for combustion 
to be maintained.

3. Explain the basic stages of combustion.

4. Explain the difference between endothermic and 
exothermic reactions.

(Suggested Answers are at the end.)RR
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KEY INFORMATION

• Terms important in understanding how ignition of solids, flammable liquids and gaseous materials occurs include: 
flash point, fire point and ignition point (kindling point); auto ignition temperature; vapour density; vapour 
pressure; flammable; highly flammable; upper flammable limit and lower flammable limit; and combustible.

• Conditions required to cause the ignition of solids, liquids and gases relate to their physical form, the ability to 
form a flammable mixture with air and the presence of a sufficiently energetic ignition source.

• Methods of preventing or controlling ignition of combustible solids, flammable liquids and gaseous materials are 
based on the fire triangle and the removal of one of its three elements by separating fuels from ignition sources 
or excluding oxygen.

• It is important that Liquefied Petroleum Gas (LPG) is kept in a safe, well-ventilated place, preferably in the open 
air and away from occupied buildings. 

DEFINITIONS
In order to understand the principles and conditions for 
the ignition of solids, liquids and gases you need to know 
the meaning, and relevance, of the following terms:

Flammable liquids
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